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(54) Fuel injection control system for direct injection-spark ignition engine 



(57) A fuel injection control system for a direct injec- 
tion-spark Ignition engine determines an injection pulse 
width corresponding to a given quantity of fuel with 
which an injector is kept open, controls the injector to 
spray a given quantity of fuel in a compression stroke 
while the engine operates in a zone of lower engine 
loads specified for lean stratified charge combustion so 
that the fuel is stratified around an ignition plug to cause 
lean stratified charge combustion so as thereby to pro- 
vide an air-fuel ratb greater than a stoichiometric air- 
fuel ratio, executes fuel injection feedback control to 
control a quantity of fuel injection based on an air-fuel 
ratk) detected by an oxygen sensor, causes the injector 



to spray a given quantity of fuel through a plurality of 
intake stroke split injection in a specified engine operat- 
ing zone in which the fuel Injection feedback control is 
performed to maintain at least a stoichiometric air-fuel 
ratio while the engine operates with lower k>ads. learns 
a fuel injection quantity characteristic of the injector with 
respect to injection pulse width for each intake stroke 
split injection based on a value controlled by the fuel 
injection feedback control during execution of the intake 
stroke split injection to determine a leaning correction 
value, and makes the learning correction value reflect 
on the control of the quantity of fuel in a minute injection 
zone specified within the specified engine operating 
zone for the lean stratified charge combustion. 
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Description 

[0001] The invention relates to a fuel injection control 
system and, in particular, to fuel injection control system 
for a direct injection-spark ignition engine which learns 
a fuel injection quantity characteristic of an injector with 
respect to an injection pulse width. 
[0002] Typically, direct injection-spark Ignition en- 
gines are operative to perform stratified charge combus- 
tion by spraying fuel in a compression stroke in a spec- 
ified engine operating zone such as lower engine load 
and speed zone with an effect of improving fuel con- 
sumption. Such a direct injection-spark ignition engine 
is equipped with a fuel injector which is pulsed by an 
electronically controlled fuel injection system (which is 
hereafter referred to as a fuel injection system for sim- 
plicity) to open. The fuel injectbn system detemnines an 
injection pulse width upon which the quantity of fuel de- 
livered by a given injector depends and an injection tim- 
ing at which the injector is caused to open. The injector 
is operative to spray fuel according to a given fuel injec- 
tion quantity characteristic with respect to injection pulse 
width. In order to eliminate difference In fuel injection 
quantity characteristics of the individual injectors, the fu- 
el injection quantity characteristic of a given injector is 
modified or corrected by changing a conversion factor 
between fuel injection quantity and injection pulse width. 
Specifically, while a fuel injection quantity characteristic 
between fuel injection quantity variable and pulse wkJth 
shown by means of example in Figure 1 2 is different in 
proportional relationship between the major part (nor- 
mal injection characteristic zone) A and a minute injec- 
tion characteristic zone B. This results from an increase 
in the ratio of a time spent on injector valve movement 
to a time for which the injector remains open in the 
minute injection zone B. Further, shown by means of ex- 
ample in Figure 13, variation in fuel injection quantity 
characteristic due to differences of the individual injec- 
tors becomes greater with a decrease in the quantity of 
fuel injection. Accordingly, there is not only a change in 
the given fuel injection quantity characteristic between 
the normal injection zone A and the minute injection 
zone B but also increased variation in fuel injection 
quantity characteristic among the individual injectors 
more in the minute injection zone B as compared with 
the normal injection zone A. In particular, since the direct 
injection-spark ignition engine often experiences cases 
where a quantity of fuel required according to a given 
engine operating condition must be sprayed within a 
considerably short period of time, it is necessary to 
equip the engine with injectors with a relatively large ra- 
tio of injection (a ratio of a quantity of fuel Injection to an 
open time). However, it is hard to give such an injector 
a minute injection zone B. In addition, since the direct 
injection-spark ignition engine increases its combustion 
efficiency when stratified charge combustion is made by 
spraying fuel in a compression stroke to raise an air-fuel 
ratio and the quantity of fuel injection is reduced in con- 



sequence, the quantity of fuel injection is reduced to an 
extent falling into the minute injection zone B during en- 
gine operation with lower engine load such as during 
idling. Therefore, when only translating the quantity of 

5 fuel injection into an injection pulse using a conversion 
factor specified according to the fuel injection quantity 
characteristic for the normal injection zone A. there oc- 
curs deterioration in accuracy of the control of fuel in- 
jection quantity while stratified charge combustion is 

10 performed in an engine operating zone of lower engine 
toad in which the quantity of fuel injection falls in the 
minute injection zone B. 

[0003] In order to prevent an occurrence of such de- 
terioration in accuracy of the control of fuel injection 
15 quantity, a fuel injection device for a multi-cylinder inter- 
nal combustion engine has been proposed in, for exam- 
ple, Japanese Unexamined Patent Publication No. 5 - 
214999, in which a conversion factor is varied between 
a surge operating zone (which corresponds to the 
20 minute injection zone B) and a proportional zone in 
which the quantity of fuel injection Is proportional to a 
period of time for which the injector remains open (which 
corresponds to the normal injectbn zone A) and correct 
the conversion factor which is used in the surge operat- 
es ing zone so as to make output torque equal among cy I- 
inders. 

[0004] While the prior art fuiel injection device is de- 
signed and adapted to regulate relative variation in out- 
put torque among the respective cylinders by correcting 

30 the conversion factor so as to make output torque equal 
among cylinders in the surge operating zone, an error 
in the absolute quantity of fuel injection is not always 
eliminated. Further, since a correction of the conversion 
factor has to be made under such engine operating con- 

35 ditions that the quantity of fuel injection falls within the 
minute injection zone B In which a demand for stratified 
charge combustion by compression stroke Injection is 
made. However, since even a slight aberration of igni- 
tion timing causes a great change in cylinder pressure 

40 or in difference between cylinder pressure and fuel pres- 
sure which affects the quantity of fuel injection, it Is hard 
to make an accurate correction of the conversion factor. 
[0005] The conversion factor may be learned and cor- 
rected according to fluctuations in fuel injection feed- 

^ back correction value while the engine operates in an 
engine operating state in which fuel injection feedback 
control is executed according to output representative 
of an air-fuel ratio from an oxygen (O2) sensor to main- 
tain a stoichiometric air-fuel ratio. In this instance, since 

so thermal efficiency is inferior in an engine operating state 
in which the engine operates in a stoichiometric air-fuel 
ratio as compared with an engine operating state in 
which the engine performs lean stratified charge com- 
bustion, the quantity of fuel injection for given engine 

55 output torque is larger during the engine operation in the 
stoichiometric air-fuel ratio than during the engine oper- 
ation with the lean stratified charge combustion. There- 
fore, a fuel injection quantity zone (marked "a" in Figure 
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12) for which the learning and correcting a conversion 
factor is executed is differed fronn a fuel injection quan- 
tity zone (marked "b" in Figure 1 2) in the minute injection 
zone B during the engine operation with stratified charge 
combustion, which results in an inaccurate learning cor- 
rection of conversion factor. 

Object of the invention 

[0006] It is therefore an object of the invention to pro- 
vide a fuel injection control system for a direct injection- 
spark ignition engine whk:h can realise an accurate cor- 
respondence of fuel Injection quantity to injection pulse 
width in a minute injection zone B for an engine operat- 
ing state in which the engine performs stratified charge 
combustion with lower engine loads and accurately 
learn and correct an conversion factor according to var- 
iation in the correspondence of fuel injection quantity to 
injection pulse. 

Summary of the invention 

[0007] The foregoing object of the invention is 
achieved by a fuel injection control system for a direct 
injection-spark ignition engine equipped with an injector 
operative to spray fuel directly into a combustion cham- 
ber ot the engine which determines an injection pulse 
width corresponding to a quantity of fuel injection with 
which the injector is kept open to spray the quantity of 
fuel injection, and controls the injector to spray fuel 
through compression stroke injection while the engine 
operates with a lower engine load in an engine operating 
zone specified for lean stratified charge combustion so 
that the fuel is stratified around an ignition plug to cause 
lean stratified charge combustion so as thereby to pro- 
vide an air-tuel ratio greater than a stoichiometric air- 
fuel ratio. The fuel injection control system executes fuel 
injection feedback control to control the quantity of fuel 
injection based on the air-fuel ratio detected by an oxy- 
gen sensor, causes the injector to spray fuel through a 
plurality of intake stroke split injection in a specified en- 
gine operating zone in which the fuel Injection feedback 
control is executed to maintain at least an approximately 
stoichiometric air-fuel ratio while the engine operates 
with lower engine loads, learns a characteristic of fuel 
injection quantity with respect to injection pulse width 
for each intake stroke split injection based on a control- 
led value by the fuel injection feedback control during 
execution of the intake stroke split Injection to determine 
a leaning correction value, and makes the learning cor- 
rection value reflect on the control of the quantity of fuel 
injection in a minute injection quantity zone specified 
within the specified engine operating zone for a lean 
stratified charge combustion state. 
[0008] According to the fuel injection control system, 
while the fuel Injection feedback control is executed to 
maintain an approximately stoichiometric air-fuel ratio, 
the learning of a fuel injection quantity characteristic to 



cancel variation in fuel injection quantity characteristic 
of the injector. In this instance, although thermal efTicien- 
cy is inferior in an engine operating state in which the 
engine operates in a stoichiometric air-fuel ratio as com- 

s pared with an engine operating state in which the engine 
performs lean stratified charge combustion and, in con- 
sequence, the quantity of fuel injection for given engine 
output torque becomes larger during the engine opera- 
tion in the stoichiometric air-fuel ratio than during the 

10 engine operation with the lean stratified charge combus- 
tion, fuel injection is split in an intake stroke, so that the 
quantity of fuel injection corresponding to a fuel injection 
pulse width for each intake stroke split injection falls in 
a fuel injection quantity zone. Therefore, the learning 

15 correction value for the fuel injection quantity zone is 
accurately determined through the fuel injection feed- 
back control for maintaining an accurate stoichiometric 
air-fuel ratio or an approximate stoichiometric air-fuel ra- 
tio. The learning correction value is thereafter reflected 

20 on the fuel injection control during engine operation with 
stratified charge combustion. 

[0009] The fuel injection control system may execute 
the fuel injection feedback control, the intake stroke split 
injection and the learning of a fuel injection quantity 

25 characteristic of the injector in the half-warmed state 
when it is ot the type which controls the engine to oper- 
ate in the lean stratified charge combustion mode while 
the engine is a warmed state in which the engine has 
attained a first threshold engine temperature and con- 

30 trols the injector to spray fuel so as to maintain the sto* 
Ichiometric air-fuel ratio while the engine is In a half- 
warmed state in which the engine has attained a second 
threshold engine temperature lower than the first thresh- 
old engine temperature. 

35 [0010] According to the fuel injection control system, 
the learning of a fuel injection quantity characteristic is 
executed in the half-warmed state immediately after an 
engine start and makes the learning result reflect on the 
fuel injection control during engine operation with strat- 

40 ified charge combustion. 

[0011] The fuel injection control system may divide 
the quantity of fuel injection desirably into two parts with 
a split ratio of 1 : 1 for early and later intake stroke split 
injection with an effect of making It simple and easy to 

45 determine an injection pulse width for intake stroke split 
injection and gaining a precise learning correction value. 
The early and later Intake stroke split Injection may be 
made at such a timing that a middle point ot time be- 
tween the early and later intake stroke split injection is 

50 ahead a mkidle point of an intake stroke, which im- 
proves mixing and diffusion of fuel. 
[001 2] When the fuel injectbn feedback control based 
on the air-fuel ratio detected by the oxygen sensor, the 
intake stroke split injection and the learning of a fuel in- 

55 jection quantity characteristic of the injector are execut- 
ed in an engine operating zone of lower engine loads 
and speeds, the fuel injection control system may per- 
form each of the early and later intake stroke split injec- 
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tion with an Injection pulse width approximately equal to 
a mininfium injection pulse width for the compression 
stroke injection during engine operation with lean strat- 
ified charge combustion and control the quantity of fuel 
injection to restrain an increase in engine speed so as 
to make an engine speed remain low in the engine op- 
erating zone of lower engine loads and speeds. 
[0013] According to the fuel injection control system, 
the learning correction value near a minimum injection 
pulse width during engine operation with lean stratified 
charge combustion is accurately determined. Specifi- 
cally, when the learning correction value for a specific 
minute injection zone is determined by performing in- 
take stroke split injection during execution of the fuel in- 
jection feedback control based on output from the oxy- 
gen sensor to try to maintain a stoichiometric air-fuel ra- 
tio, since, while the quantity of fuel injection increases 
due to thermal efficiency inferbr during ordinary engine 
idling to during engine operation with lean stratified 
charge combustion, nevertheless, it is not doubled, a 
split injection pulse width becomes smaller that the min- 
imum injection pulse width during engine operation with 
lean stratified charge combustion when dividing an in- 
jection pulse width corresponding to the quantity of fuel 
injection into two parts. However, in this embodiment, 
the learning correction value near the minimum injection 
pulse width during engine operation with lean stratified 
charge combustion is accurately determined by means 
of setting a split injection pulse width as large as a min- 
imum injection pulse width during engine operation with 
lean stratified charge combustion. Further, although ex- 
panding an injection pulse width is apt to be accompa- 
nied by an increase in engine speed, the fuel injection 
control system can restrain the tendency to increase en- 
gine speed by, for example, retarding an ignition timing. 
In this instance, it is preferred that, while the fuel injec- 
tion feedback control based on the air-fuel ratio detected 
by the oxygen sensor, the intake stroke split injection 
and the teaming of a fuel injection quantity characteristic 
are executed in the engine operating zone of lower en- 
gine loads and speeds, the fuel injection control system 
controls a quantity of intake air introduced into the en- 
gine corresponding to the quantity of fuel injection for 
which a split injection pulse width for each intake stroke 
split injection is made approximately equal to a minimum 
injection pulse width for the compression stroke injec- 
tion during engine operation with lean stratified charge 
combustion. As a result, while maintaining the stoichio- 
metric air-fuel ratio, the quantity of intake air is controlled 
so as to deliver a quantity of fuel for which a split injec- 
tion pulse width for each intake stroke split injectbn is 
made approximately equal to a minimum injection pulse 
width for the compression stroke injection during engine 
operation with lean stratified charge combustion. 
[0014] The fuel injection control system may further 
includes intake air flow control means for restraining a 
change in intake air flow rate caused due to the feed- 
back control of idle speed while executing the intake 



stroke split injection and the learning of fuel injection 
quantity characteristic of the injector during idling. The 
provision of intake air flow control means prevents ag- 
gravation of the accuracy of the learning of fuel injection 
5 quantity characteristic due to fluctuations of a controlled 
value by the fuel injection feedback control accompany- 
ing a change in intake air flow rate. The idle speed is 
controlled by fixing the intake air flow rate at a rate nec- 
essary for the engine operating with a nmlmum exter- 
10 nal loads by the intake air flow control means together 
with controlling an ignition timing. The intake air flow 
control means may extend a dead zone for the feedback 
control of the engine speed during idling in which a 
change in engine speed is allowed while executing the 
15 intake stroke split injection and the learning of fuel in- 
jection quantity characteristic. 
[0015] For a multiple cylinder direct injection-spark ig- 
nition engine, the fuel injection control system is adapt- 
ed to perfomn both intake stroke split injection and learn- 
20 ing of fuel injection quantity characteristic by cylinder in 
sequence while executing the fuel injection feedback 
control. Otherwise, for a multiple cylinder direct injec- 
tion-spark ignition engine equipped with an exhaust 
manifold in which or downstream from which the oxygen 
25 sensor is disposed, and the fuel injection control system 
may be adapted to perform the fuel injection feedback 
control for a specific one of the cylinders based on the 
air-fuel ratio detected by the oxygen sensor at a speci- 
fied timing whteh corresponds to a point of time at which 
30 an exhaust gas from the specific cylinder passes the ox- 
ygen sensor and determines the learning correction val- 
ue for the specific cylinder based on a controlled value 
by the fuel injection feedback control. According to the 
embodiment, the fuel injection control system can de- 
35 termines a learning correction value by cylinder with im- 
proved accuracy. In this instance, the fuel injection con- 
trol system is desirable to perform overall learning of fuel 
injection quantity characteristic in which an average val- 
ue of controlled values by the fuel injection feedback 
40 control for all of the cylinders isdetermined as an overall 
learning correction value and subsequently determine 
the learning correction value for each specific cylinder 
based on a controlled value by the fuel injection feed- 
back control for the specific cylinder after reflecting the 
45 overall learning correction value on the quantity of fuel 
Injection for the specific cylinder. In order to efficactously 
determine a learning correction value by cylinder, it is 
preferred to determine a deviation of output provided at 
a specified timing by the oxygen sensor from output from 
so the oxygen sensor representative of the stoichiometric 
air-fuel ratio by cylinder and execute the learning of fuel 
injection quantity characteristic by cylinder in order of 
amplitude of the deviations for the respective cylinders 
to determine a learning correction value by cylinder 
55 based on the quantity of fuel injection controlled accord- 
ing to the output from the oxygen sensor in that order. 
The learning accuracy is even more increased by virtue 
of the learning correction value by cylinder determined 
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in this manner. Specifically, when executing the fuel in- 
jection feedback control based on an air-fuel ratio de- 
tected by the oxygen sensor and the learning of fuel in- 
jection quantity characteristic according to the quantity 
of controlled fuel injection, although output from the ox- 5 
ygen sensor is adversely effected by an exhaust gas dis- 
charged from a previous cylinder and staying around the 
oxygen sensor, the degree of adverse effect of the ex- 
haust gas from the previous cylinder on the oxygen sen- 
sor is relatively lowered by means of learning a fuel in- io 
jection quantity characteristic by cylinder in order of am- 
plitude of the deviations for the respective cylinders, and 
hence the accuracy of fuel injection feedback control by 
cylinder and the accuracy of the learning of fuel Injection 
quantity characteristic according to the quantity of con- is 
trolled fuel injection are increased. The fuel injection 
control system may be adapted to execute the learning 
of the fuel injection quantity characteristics for intake 
stroke non-split injection and intake stroke split Injection 
in the same fuel injection quantity zone, which makes it 20 
possible to specify the relationship between the fuel In- 
jection quantity characteristics. 

Brief description of the drawings 

[001 6] The invention will now be described further, by 
way of example, with reference to the accompanying 
drawings, in which: 

Figure 1 is a schematic view showing an engine 
equipped with a fuel injection control system in ac- 
cordance with an embodiment of the invention; 
Figure 2 is a plan view of an engine body; 
Figure 3 is a cross sectional view of an injector; 
Figure 4 is a functional block diagram showing an 
engine control unit (PCM); 
Figure 5 is an injection pulse diagram for intake 
stroke split injection; 

Figure 6 is a flow chart illustrating a sequential rou- 
tine of fuel injection quantity characteristic learning 
control for a microcomputer of the engine control 
unit; 

Figure 7 is a flow chart illustrating another sequen- 
tial routine of fuel injection quantity characteristic 
learning control for the microcomputer of the engine 
control unit; 

Figures 8A and SB are a flow chart illustrating still 
another sequential routine of fuel injection quantity 
characteristic learning control for the microcomput- 
er for the control unit; 

Figure 9 is a flow chart illustrating a variation of the 
sequential routine of fuel injection quantity charac- 
teristic learning control shown in Figure 6 for the mi- 
crocomputer of the engine control unit; 
Figure 1 0 is a flow chart illustrating a variation of the 
sequential routine of fuel Injection quantity charac- 
teristic learning control sown in Figure 7 for the mi- 
crocomputer of the engine control unit; 



Figures 11 A and 11 B are a flow chart illustrating a 
variatbn of the sequential routine of fuel injection 
quantity characteristic learning control sown in Fig- 
ure 8 for the microcomputer of the engine control 

unit; 

Figure 12 is a diagram showing a fuel injection 
quantity characteristic of the injector; 
Figure 1 3 is a diagram showing the quantity of fuel 
injection with respect to fuel injection quantity char- 
acteristics of injectors; 

Figure 14 is a functional block diagram showing an- 
other engine control unit (PCM); and 
Figures 1 5A to 1 5D are a flow chart illustrating an- 
other sequential routine of fuel Injection quantity 
characteristic learning control for a microcomputer 
of the engine control unit shown in Figure 14. 

Detailed description of the preferred embodiments 

[0017] Referring to the drawings, in particular to Fig- 
ures 1 and 2 schematically showing a direct injection- 
spark ignition type of engine equipped with an engine 
control system of the present invention, an engine body 
1 has a plurality of, for example four, cylinders 2 (2a to 
2d in Figure 2) in which combustion chambers 5 are 
formed by tops of pistons 4, a lower wall of a cylinder 
head and cylinder bores. An intake port and an exhaust 
port open into the combustion chamber 5 and opened 
and shut at a predetermined timing by an intake valve 
9 and an exhaust valve 10, respectively. The intake 
valve 9 Is driven by a valve lift mechanism incorporating 
an intake cam shaft 11. The exhaust valve 9 is driven 
by a valve lift mechanism incorporating an exhaust cam 
shaft 12. A spark plug 15 is disposed with its electrode 
tip exposed to a centre part of the combustion chamber 
5. The spark plug 15 is connected to an ignition coil 16. 
A fuel injector 18 has a nozzle installed in a side wall of 
the combustion chamber 5 through which fuel is sprayed 
directly into the combustion chamber 5. Fuel is supplied 
to the fuel injector 18 through a fuel delivery line 21 of 
a fuel system 20. This fuel system 20 includes a fuel 
tank 24, a high pressure fuel pump 28, a high pressure 
regulator 29 and a low pressure regulator 30. A fuel sup- 
ply line 22 leads to the fuel delivery line 21 from the fuel 
tank 24 via the high pressure fuel pump 28, and a fuel 
return line 23 leads to the fuel tank 24 from the fuel de- 
livery line 21 via the high pressure regulator 29 and the 
low pressure regulator 30. The fuel supply line 22 is pro- 
vided with filters 26 and 27 between the fuel tank 24 and 
the high pressure fuel pump 28. The fuel return line 23 
is provided with a bypass valve 31 operative to permit 
return fuel to bypass the high pressure regulator 29 
through a bypass line (not shown) so as thereby to 
change fuel pressure. Specifically, when the bypass 
valve 31 is closed while the high pressure regulator 28 
remains actuated, the high pressure regulator 29 regu- 
lates and adjusts the pressure of fuel to a predetermined 
high pressure level. When the bypass valve 31 is 
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opened, the high pressure regulator 29 is put substan- 
tially inactive and the high pressure regulator 28 regu- 
lates and adjusts the pressure ot fuel to a predetermined 
low pressure level. 

[001 8] Intake air is Introduced into the engine through 
an intake line 40 equipped with an air cleaner 43, an air 
flow sensor 44, a motor driven throttle valve 45 and a 
surge tank 47 arranged in this order Irom the upstream 
side. The throttle valve 45 is driven by an electric motor 
46. An opening or position sensor 48 is provided to mon- 
itor a positbn or opening of the throttle vatve 45. The 
intake line 40 is provided with an idle speed control (ISC) 
line 50 with an idle speed control (ISC) valve 51 opera- 
tive to control an air flow rate of intake air passing 
through the idle speed control (ISC) line 50. The intake 
line 50 branches ott into discrete intake lines 53 leading 
to intake ports 7 ot the cylinders 2, respectively, from the 
surge tank 47. Each discrete intake line 53 Is provided 
with a swirl control valve 54 actuated by, for example, a 
stepping motor 55 to control a swirl of intake air. Exhaust 
gas is discharged through an exhaust line 41 equipped 
with an oxygen (O2) sensor 57 and a catalytic converter 
58 in this order from the upstream side. The oxygen (O2) 
sensor 57 is disposed in close proximity to an exhaust 
manifold and monitors an oxygen (O2) concentration of 
the exhaust gas by which the air-fuel ratio of a fuel mix- 
ture burnt in the engine is represented. A X oxygen (O2) 
sensor may be employed. As is well known in the art, 
the X oxygen (Og) sensor provides output which is re- 
versed at a boundary of a stoichiometric air-fuel ratio 
represented by an air excess ratio (X) of 1 (one). 
[0019] Operation of the engine is controlled by an en- 
gine control unit (PCM) 60. The engine control unit 
(PCM) 60 receives various signals including a signal a 
representative of an air flow rate afs from the air flow 
sensor 44, a signal b representative of an engine load 
prescribed by a throttle position fvoof the throttle vatve 
45 from the position sensor 48, a signal c representative 
of an oxygen (O2) concentration of exhaust gas from the 
oxygen (O2) sensor 57, signals dand e representative 
of a crank angle from a distributor 61 for determining an 
engine speed neand a cylinder number, a signal f rep- 
resentative of an accelerator pedal travel acce/from an 
accelerator pedal position sensor 62. a signal g repre- 
sentative of a temperature of intake air from a temper- 
ature sensor 63 and a signal h representative of a tem- 
perature Twoi engine cooling water from a temperature 
sensor 64. On the other hand, the engine control unit 
(PCM) 60 provides various control signals including a 
fuel injection control signal or pulse /for controlling the 
fuel injector 18 through an injector drive unit 66, an ig- 
nition timing control signal k which is directed to the ig- 
nition coil 16, a throttle position control signal /for con- 
trolling the electric motor 46 through a throttle drive unit 
67, an idle speed control signal m for controlling the idle 
speed control (ISC) valve 51 and a bypass valve control 
signal nfor controlling the bypass valve 31. 
[0020] Referring to Figure 3 showing the fuel injector 



18 in detail, the fuel injector 18 has an injector hosing 
70 formed with an injector nozzle 70a at its tip end and 
a valve seat 70b. In the inside of the fuel housing 70 
there are a needle valve 71 operative to open and shut 

s the nozzle 70a, a plunger 72 operative to case the nee- 
dle valve to move up and down, a return spring 73 bias- 
ing the plunger 72 to force the needle valve 71 in a di- 
rection in which the nozzle 70a is shut, and a coll 74 
operative to actuate the plunger 72 against the return 

10 spring 73. Fuel Is introduced into the injector housing 70 
through a centre passage 70c leading to the nozzle 70a. 
The fuel injection pulse / Is sent to the coil 74 through 
the injector drive unit 66 to actuate the plunger 72 to 
drive the needle valve 71 so as to open the nozzle 70a 

15 for a time according to a width of the fuel injection pulse / 
[0021] Referring to Figure 4 showing the engine con- 
trol unit (PCM) 60 in detail, the engine control unit (PCM) 
60. which is comprised of a microcomputer, has func- 
tional means including fuel injection control parameter 

20 determining means 80 for determining the quantity of 
fuel injection and a fuel injection timing, injection pulse 
determining means 81 for determining an injection pulse 
width, fuel injection feedback control means 82, fuel in- 
jection control means 83 and injection characteristic 

25 learning means 84. The fuel injection control parameter 
determining means 80 determines the quantity of fuel 
injection based on a basic quantity of fuel injection ac- 
cording to engine operating conditions with reference to 
a fuel quantity control map , a feedback control correc- 

30 tion value and other control correction values and de- 
termines a fuel injection timing according to engine op- 
erating conditions with reference to a fuel injection tim- 
ing control map. Control of increasing the quantity of in- 
take air by throttle control means (not shown) is made 

55 together with the control of the quantity of fuel injection 
so as to perform combustion in different patterns ac- 
cording to engine operating conditions. In a zone of en- 
gine loads and speeds lower than specified load and 
speed, respectively, while fuel injection is performed in 

40 a later half of a compression stroke, the quantities of 
intake air and fuel are controlled to perform stratified 
charge combustion with a lean fuel mixture (which is 
hereafter referred to as lean stratified charge combus- 
tion). In a zone of engine loads and speeds higher than 

45 the specified load and speed, while fuel injection is per- 
formed in an intake stroke, the quantities of intake air 
and fuel are controlled to perform homogeneous charge 
combustion with a lean fuel mixture (which is hereafter 
referred to as lean homogeneous charge combustion) 

50 for lower engine loads and speeds or to perform homo- 
geneous charge combustion with a stoichbmetric fuel 
mixture (which is hereafter referred to as stoichiometric 
homogeneous charge combustion) for higher engine 
loads and speeds. The quantity of fuel injection deter- 

55 mined in the fuel injection control parameter determining 
means 80 is converted into an injection pulse width in 
the injection pulse determining means 81 . An injection 
pulse with a pulse width is provided at an injection timing 
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to actuate the fuel injector 16 through the injector drive 
unit 66. 

[0022] The fuel injection feedback control means 82 
feedback controls the quantity of fuel injection according 
to an oxygen (O2) concentration of exhaust gas repre- 
sented by a signal c from the oxygen (O2) sensor 57 to 
provide a stoichiometric air-fuel ratio while the engine is 
operated in a predetermined engine operating state for 
the fuelinjection feedback control. Specifically, In the fu- 
el injection control parameter determining means 80, an 
eventual quantity of fuel injection is determined based 
on the basic quantity of fuel injection and a feedback 
control correction value (a feedback correction term in 
PI control) which is determined based on the oxygen 
(O2) concentration by, for example, proportional integral 
(PI) control. This feedback control of fuel injection is ex- 
ecuted in the stoichiometric homogeneous charge com- 
bustion zone and further executed to let the engine 
warm up quickly for an early period after an engine start. 
Under specified engine operating conditions such as 
warming up, the fuel injection control means 83 splits 
fuel injection into a plurality of small parts by dividing the 
injection pulse with the pulse width determined in the 
injection pulse determining means 81 into the same 
number of parts. In this embodiment, the injection pulse 
is divided into two parts PI and P2 with a split ratio of 
1 : 1 as shown in Figure 5. The split injection pulses PI 
and P2 are timed such that the middle point of time Pmid 
between early and later split fuel injection is before the 
middle point of time between top and bottom dead cen- 
tres of (TDC and BDC) an intake stroke Smid as shown 
in Figure 5. This results in that fuel is sprayed in a period 
tor an intake stroke in which intake air is admitted at a 
high flow rate or fuel having been sprayed is spread in 
the combustion chamber In that period and in conse- 
quence the fuel is sufficiently mixed and expeditiously 
diffused by intake air. During execution of the split fuel 
injection control in an intake stroke, a characteristic of 
fuel injection quantity (which is referred to as a fuel in- 
jection quantity characteristic), Le, a correlation be- 
tween the quantity of fuel injection and the injection 
pulse width of a split injection pulse, is learned based 
on the feedback control correction value (the feedback 
correction term) to detemiine a learning correction value 
in the injection characteristic learning means 84. The 
engine control unit (PCM) 60 preferably has airflow rate 
change control means 86 for controlling a change in In- 
take air flow rate caused due to idle speed control while 
the split fuel injection and the fuel Injection quantity char- 
acteristic learning are performed during idling and idle 
speed control (ISC) means 83. 
[0023] Figure 6 is a flow chart illustrating a sequence 
routine of the fuel injection quantity characteristic learn- 
ing control during Idling for the microcomputer of the en- 
gine control unit (PCM) 60. As shown, when the flow 
chart logic commences and control proceeds directly to 
a function block at step SI where signals are read in to 
monitor various control parameters including at least an 



air flow rate afe, an oxygen concentration of exhaust gas 
ox, an engine speed ne, an accelerator pedal travel ac- 
eel, a throttle position fvo and an engine cooling water 
temperature Tw. Then, judgements are consecutively 

5 made at step S2 through S6. Specifically, at step S2. a 
judgement is made based on the engine cooling water 
temperature Tivasto whether the engine is under warm- 
ing up. At step S3, a judgement is made based on the 
oxygen concentration of exhaust gas ox and throttle po- 

10 sition fvo as to whether the engine is operated with a 
stoichiometric air-fuel ratio (which is represented by an 
air excess ratio X of 1 ). At step S4, a judgement is made 
as to whether the feedback control of air-fuel ratio (A/F- 
F/B control) is under execution. At step S5, a judgement 

IS is made as to whether the learning of fuel injection quan- 
tity characteristic can be executed. In this instance, the 
air-fuel ratio feedback control is executed while the en- 
gine cooling water is in a zone of temperatures for half- 
warm engine operation, Le. between a low level speci- 

20 fied for cold engine operation and a high level specified 
for warmed-up engine operation. The fuel Injection 
quantity characteristic learning control is permitted only 
during an ordinary engine operation. This is because, 
even while the air-fuel ratio feedback control is under 

25 execution, it is difficult to perform accurately learning the 
fuel injection quantity characteristic during a transitional 
state of engine operating condition, such as accelera- 
tion or deceleration, where a change in intake air flow 
rate occurs. 

30 [0024] At step S6. a judgement is further made as to 
whether the engine load is in a zone of engine loads 
lower than a predetermined threshold value Ltvo for 
which the quantity of fuel injection is within a specific 
minute injection zone B shown in Figure 12 which will 

35 be described later. All of the answers to the judgements 
made at steps S2 through S6 are affirmative, then learn- 
ing correction value is determined through steps S7 
through S9. However, if any one of the answers to the 
judgements made at steps S2 through S6 is negative, 

40 the flow chart logic orders return for another execution 
of the sequence routine. At step S7, intake stroke split 
injection is performed with a split ratio of 1 : 1 : While the 
air-fuel ratio feedback control is under execution, an air- 
fuel ratio feedback control correction value Cfb is deter- 

45 mined according to the oxygen concentration of exhaust 
gas ox detected by the oxygen (Og) sensor 57. The 
pulse width is obtained by converting the quantity of fuel 
injection determined based on the feedback control cor- 
rection value (Cfb) and the basic quantity of fuel injection 

50 with a conversion factor. The pulse width is divided into 
two parts with the split ratio. Fuel is timely sprayed 
through the intake stroke split injectbn according to the 
pulse widths PI and P2 in an intake stroke as shown in 
Figure 5. A specified number of the air-fuel ratio feed- 

55 back control correction values are sampled at step S8. 
Subsequently, at step S9, a mean value of the sampled 
air-fuel ratk> feedback control correction values is cal- 
culated as a coefficient and stored as a learning correc- 
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tion value for a fuel injection quantity zone in which the 
respective intake stroke split injection are performed. 
[0025] According to the fuel injection quantity charac- 
teristic learning control, the correlation between injec- 
tion pulse width and the quantity of fuel injection is ac- 
curate even in the minute injection zone B in which the 
quantity of fuel injection is srrtaller with respect to a spe< 
ctfic pulse width than in the normal injection zone A 
shown in Figure 12, providing a precise learning correc- 
tion value. Specifically, if there occurs conversion errors 
of injection pulse width resulting from divergences of 
correlations between injectbn pulse width and the quan- 
tity of fuel injection for the same model of injectors due 
to individual differences and the like of the injectors, the 
conversion error reflects on the feedback control correc- 
tion value, so that an accurate learning correctbn value 
according to the divergence of correlation based on the 
feedback control correction value. In this instance, be- 
cause, during the air-fuel ratio feedback control, it is al- 
ways tried to maintain a stoichiometric air-fuel ratio and, 
In consequence, the thermal efficiency is inferior during 
stoichiometric charge combustion to during lean strati- 
fied charge combustion, so that fuel injection Is per- 
formed in a fuel injectton quantity zone (a) which is 
greater than the fuel injection quantity zone (b) In the 
minute injection zone B. However, because, in the fuel 
Injection quantity characteristic learning control shown 
by the flow chart depicted in Figure 6, fuel injection is 
divided into two parts in an intake stroke, each Intake 
stroke split injection is performed in the fuel injection 
quantity zone (b) in the minute injection zone B and the 
learning correction value Is obtained for the fuel injection 
quantity characteristic specified for the minute injection 
zone B through steps S6 through SB. 
[0026] Fuel may be divided into two unequal parts for 
early and later intake stroke split injection with a split 
ratio of, for example, 7 : 3. However, in such a case, 
these intake stroke split injection are performed in dif- 
ferent fuel injection quantity zones and the correlation 
between injection pulse width and the quantity of fuel 
injection is different between these different fuel injec- 
tion quantity zones in the minute injection zone B, so 
that an accurate learning correction value can not be 
always obtained by dividing proportionally a mean value 
of sampled feedback control correction values accord- 
ing to the split ratio. Contrarily to this, according to the 
above embodiment in which fuel injection is divided with 
a split ratio of 1 : 1. the pulse widths for the early and 
later Intake stroke split injection are within the same fuel 
injection quantity zone, as a result of which the learning 
correction value for the zone is accurate. 
[0027] After execution of the fuel injection quantity 
characteristic learning control, the result of the control 
reflects on the control of fuel injection during stratified 
charge combustion following fuel injection in a compres- 
sion stroke while the engine operates in a zone of lower 
engine loads and speeds after warming up. Specifically, 
when the air-fuel ratio becomes greater than the stoichi- 



ometric ratio as a resutt of stratified charge combustion 
fuel injection in a compressksn stroke in the zone of low- 
er engine loads and speeds, the quantity of fuel injection 
is reduced following an increase in thermal efficiency, 

5 possibly entering a fuel injection quantity zone (b) in the 
minute injection zone B. In such an event, the quantity 
of fuel injection determined based on the accelerator 
pedal travel and the engine speed is converted Into an 
Injection pulse width in consideration with the learning 

10 correction value, the control of the quantity of fuel injec- 
tion is performed with a high precision. 
[0028] Figure 7 is a flow chart illustrating a variation 
of the sequence routine of the fuel injection quantity 
characteristic learning control in which steps SI 01 

15 through SI 06 for control of a change in intake air flow 
rate which is performed in the air flow rate change con- 
trol means 86 is added. If any one of the answers to the 
judgements made at steps S2 through 86 is negative, 
the flow chart logic orders return for another execution 

20 of the sequence routine. On the other hand, when ail of 
the answers to the judgements made at steps S2 
through S6 are affirmative, a judgement is made at step 
S101 as to whether the engine is idling. When the en- 
gine is Idling, the idle speed control (ISC) valve 51 is 

25 controlled to maintain an opening balancing a quantity 
of Intake air which Is assumed for a maximum external 
engine load during idling at step SI 02, and the idling 
speed is controlled through feedback control of ad- 
vancement of an ignition timing only at step S103. That 

30 is, while the idling speed tends to increase as the exter- 
nal engine load drops from the maximum external en- 
gine load, it Is maintained at a target speed by controlling 
engine output torque by retarding the ignition timing ac- 
cording to the drop in external engine load. Subsequent- 

35 jy, after extending a dead zone for idle speed feedback 
control zone in which a change in idle speed is allowed) 
and reducing a feedback control gain at step Si 04 or 
when the engine is not idling at step SI 06, a learning 
correction value is directly determined through steps S7 

40 through S9. 

[0029] According to the fuel Injection quantity charac- 
teristic learning control shown In Figure 7. while the en- 
gine is idling during execution of the air-fuel ratio feed- 
back control in the half-warmed engine operation zone, 

45 the air-fuel ratio feedback control is prevented from en- 
countering aggravation of learning accuracy through ex- 
ecution of the idle speed feedback control. That is, while 
the accuracy of fuel injection quantity characteristic 
learning Is aggravated due to an easy occurrence of a 

50 change in air-fuel ratio feedback control correction value 
If changing the intake air flow rate by controlling the idle 
speed control (ISC) valve 51 likely during ordinary feed- 
back idle speed feedback control, nevertheless the ac- 
curacy of fuel injection quantity characteristic learning 

ss is increased by fixing the quantity of Intake air. Even 
though a change in idle speed is too great to be control- 
led sufficiently by governing an ignition timing In the 
event of an occurrence of a great change In external en- 
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gine load, controlling the quantity of intake air can be 
concluded with a change as small as possible by means 
of extending the dead zone for idle speed feedback con- 
trol and/or reducing the gain of idle speed feedback con- 
trol. In the case where a change in externa! engine load 
is coped with by controlling an ignition timing, the proc- 
ess at step SI 04 may be left out. 
[0030] Figure 8 is a flow chart illustrating another var- 
iation of the sequence routine of the fuel injection quan- 
tity characteristic learning control in which steps S201 
through S208 are added. If any one of the answers to 
the judgements made at steps S2 through S6 is nega- 
tive, the flow chart logic orders return for another exe- 
cution of the sequence routine. On the other hand, when 
all of the answers to the judgements made at steps S2 
through S6 are affinmative, a judgement is made at step 
S201 as to whether a mean value of feedback control 
correction values has been learned for all of the cylin- 
ders 2 in the present fuel injection quantity zone. When 
the answer to the judgement is negative, a learning cor- 
rection value is directly determined through steps S7 
through S9 and. thereafter, the flow chart logic orders 
return for another executbn of the sequence routine. 
Because the intake stroke split injection is performed 
through each injector 18. the learning correction value 
is a mean value of feedback control correction values 
for all of the injectors 18. On the other hand, when the 
answer to the judgement at step S201 is affirmative, this 
indicates that a learning correction value has been de- 
termined through steps S7 through S9, then, learning 
correction control is performed for the respective injec- 
tors 10 through steps S202 through S208. After chang- 
ing the count N of a cylinder number counter to 1 (one) 
at step S202, the intake stroke split injection is per- 
formed with a split ratio of 1 : 1 through the injector 18 
for an N-th cylinder 2 at step S203. At this time. Intake 
stroke non-split fuel injection is performed through the 
remaining injectors 1 8. A specified number of air-fuel ra- 
tio feedback control correction values are sampled at 
step S204. Subsequently, at step 8205, a mean value 
of the sampled air-fuel ratio feedback control correctton 
values is calculated and a deviation of the mean air-fuel 
ratio feedback control correction value for the injector 
18 for the N-th cylinder 2 from the mean air-fuel ratio 
feedback control correction value for the injectors 18 for 
all of the cylinders 2 is calculated. At step S206. the de- 
viation of air-fuel ratio feedback control correction value 
is increased by four times In consideration for the intake 
stroke split injection performed for only one out of the 
four cylinders 2 and the increased deviation of air-fuel 
ratb feedback control correction value is stored as a 
learning correction value for the injector 18 for the N-th 
cylinder 2. Subsequently, after changing the count N of 
the cylinder number counter by an increment of 1 (one) 
at step S207, a judgement is made at step S208 as to 
whether the count N is equal to the number of cylinders 
Nx, Le, four in this embodiment. The flow chart logic re- 
peats these steps S203 through S208 until the count N 



reaches the number of cylinders Nx, in other words, until 
a correctton value has been learned for the injectors 10 
for all of the cylinders 2. When the count N reaches the 
number of cylinders Nx, the flow chart logic orders return 

5 for another execution of the sequence routine. 

[0031] According to the fuel injection quantity charac- 
teristic learning control shown in Figure 8, even though 
there are individual differences in fuel injection quantity 
characteristic among the injectors 18, the learning cor- 

10 rection value is attained with high accuracy according 
to fuel injection quantity characteristic for a fuel injection 
quantity zone peculiar to the indivkiual injector 18. The 
learning correction value for an individual injector 18 
may be determined through steps S7 through S8 ac- 
ts cording to an air-fuel ratio feedback control correction 
value for the injector 18 which is calculated based on 
output from an oxygen (O2) sensor disposed in each of 
exhaust tines for groups of cylinders 2 whose intake 
strokes do not follow one after another. 

20 [0032] Learning of fuel injection quantity characteris- 
tic may be performed for each of the fuel injection quan- 
tity zones (a) and (b) for intake stroke non-split injection 
and split injection as shown in Figures 9 through 11 il- 
lustrating sequence routines of fuel injection quantity 

25 characteristic learning control including learning of fuel 
injection quantity characteristic for intake stroke non- 
split injection in addition to the sequence routine of fuel 
injection quantity characteristic learning control for split 
injection shown in Figures 6 through 8, respectively. In 

30 the sequence routine of fuel injection quantity charac- 
teristic learning control shown in each of Figures 9 
through 11 , learning of fuel injection quantity character- 
istic for intake stroke non-split injection and split injec- 
tion are alternately performed during kiling. 

35 [0033] Figure 9 is a flow chart illustrating another se- 
quence routine of fuel injection quantity characteristte 
learning control during idling for the microcomputer of 
the engine control unit (PCM) 60. As shown, when the 
flow chart logic commences and control proceeds di- 

40 rectly to a function block at step 81 where signals are 
read in to monitor various control parameters including 
at least a quantity of intake air afs, an oxygen concen- 
tration of exhaust gas ox, an engine speed ne, an ac- 
celerator pedal travel accel. a throttle position tvo and 

45 an engine cooling water temperature Tw. Then, judge- 
ments are consecutively made at step S2 through 86. 
Specifically, at step S2, a judgement is made based on 
the engine cooling water temperature Tw as to whether 
the engine is under warming up. At step S3, a judgement 

so is made based on the oxygen concentration of exhaust 
gas ox and throttle position tvo as to whether the engine 
is operated with a stoichiometric air-fuel ratio (which is 
represented by an air excess ratio X of 1 ). At step S4, a 
judgement is made as to whether the feedback control 

55 of air-fuel ratio (A/F-F/B control) is under execution. At 
step S5. a judgement is nnade as to whether the learning 
of fuel injectton quantity characteristic can be executed. 
In this instance, the air-fuel ratio feedback control is ex- 
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ecuted while the engine cooling water is in a zone of 
temperatures for half-warmed engine operation. At step 
S6, a judgement is further made as to whether the en- 
gine load is in a zone of engine loads lower than a pre- 
determined threshold value Kvofor which the quantity 
of fuel injection is within the minute injection zone B 
shown In Figure 12. 

[0034] If any one of the answers to the judgements 
made at steps S2 through S6 is negative, the flowchart 
logic orders return for another execution of the se- 
quence routine. When all of the answers to the judge- 
ments made at steps S2 through S6 are affirmative, a 
judgement is made at step S301 as to whether the en- 
gine is idling. When the engine is idling, a judgement is 
made at step S302 as to whether learning of fuel injec- 
tion quantity characteristic for intake stroke non-split in- 
jection has been made in the last execution of the se- 
quence routine. When the answer to the judgement is 
affirmative, then learning correction value is determined 
through steps S7 through S9. At step S7. intake stroke 
split injection is performed with a split ratio of 1 : 1 . Sub- 
sequently, a specified number of the air-fuel ratio feed- 
back control correction values are sampled at step SB 
and a mean value of the sampled air-fuel ratio feedback 
control correction values is calculated as a coefficient 
and stored as a learning correction value for a fuel In- 
jection quantity zone in which the respective intake 
stroke split injection are performed at step S9. The flow 
chart logic orders return for another execution of the se- 
quence routine. 

[0035] On the other hand, when the answer to at least 
either one of the judgements made at steps S301 and 
S302 is negative, intake stroke non-split injection is per- 
formed with an injection pulse width, which is deter- 
mined based on a feedback control correction value 
{Cfb) and a basic quantity of fuel injection is converted 
at step S303. Subsequently, a specified number of the 
air-fuel ratio feedback control correction values are 
sampled at step 88, and a mean value of the sampled 
air-fuel ratio feedback control correction values is cal- 
culated and stored as a learning correction value for a 
fuel injection quantity zone in which the intake stroke 
non-split injection is performed at step S9. Thereafter, 
the flow chart logk: orders return for another execution 
of the sequence routine. 

[0036] Figure 1 0 is a flow chart Illustrating a variation 
of the sequence routine of fuel injection quantity char- 
acteristic learning control during idling forthe microcom- 
puter of the engine control unit (PCM) 60. As shown, if 
any one of the answers to the judgements made at steps 
82 through 86 is negative, the flow chart logic orders 
return for another execution of the sequence routine. On 
the other hand, when all of the answers to the judge- 
ments made at steps 82 through SB are affirmative, a 
judgement is made at step 8301 as to whether the en- 
gine is idling. When the engine is idling, a judgement is 
made at step 8302 as to whether learning of fuel Injec- 
tion quantity characteristic for intake stroke non-split in- 



jection has been made in the last execution of the se- 
quence routine. When the answer to the judgement is 
affimnative, the idle speed control (ISC) valve 51 is con- 
trolled to maintain an opening balancing a quantity of 

s Intake air which is assumed for a maximum external en- 
gine load during idling at step 81 02, and the idling speed 
is controlled through feedback control of advancement 
of an ignition timing only at step 8103. Subsequently, 
after extending a dead zone for idle speed feedback 

10 control in which a change in idle speed is allowed) and 
reducing a feedback control gain at step 8104, a learn- 
ing correction value for intake stroke split injection Is de- 
termined through steps 87 through 89. At step 87, In- 
take stroke split Injection is performed with a split ratio 

IS of 1 : 1 , and a specified number of the air-fuel ratio feed- 
back control correction values are sampled at step SB. 
After calculating and storing a mean value of the sam- 
pled air-fuel ratio feedback control correction values as 
a learning correction value at step 89, the flow chart log- 

20 ic orders return for another execution of the sequence 
routine. 

[0037] On the other hand, when the answer to at least 
either one of the judgements made at steps 8301 and 
S302 is negative, intake stroke non-split injection is per- 

25 formed with an injection pulse width which is determined 
based on a feedback control correction value (Cfb) and 
a basic quantity of fuel injection is converted at step 
8303. Subsequently, a specified number of the air-fuel 
ratio feedback control correction values are sampled at 

30 step 8304. After calculating and storing a mean value 
of the sampled air-fuel ratio feedback control correction 
values as a learning correction value at step S305. the 
flow chart logic orders return for another execution of 
the sequence routine. 

35 [0038] Figure 11 is a flow chart illustrating another var- 
iation of the sequence routine of the fuel injection quan- 
tity characteristic learning control. If any one of the an- 
swers to the judgements made at steps 82 through 86 
is negative, the flow chart logic orders return for another 

40 execution of the sequence routine. On the other hand, 
when all of the answers to the judgements made at steps 
S2 through 86 are affirmative, a judgement is made at 
step S201 as to whether a mean value of feedback con- 
trol correction values has been learned for all of the cyl- 

45 inders 2 in the present fuel injection quantity zone. When 
the answer to the judgement at step 8201 is affirmative, 
after changing the count N of a cylinder number counter 
to 1 (one) at step 8202, the intake stroke split injection 
is performed with a split ratio of 1 : 1 through the injector 

so 18 for an N-th cylinder 2 at step 8203. and a specified 
number of air-fuel ratio feedback control correction val- 
ues are sampled at step 8204. Subsequently, at step 
8205, a mean value of the sampled air-fuel raX\o feed- 
back control correction values Is calculated and a devi- 

55 ation of the mean air-fuel ratio feedback control correc- 
tion value for the injector 1 8 for the N-th cylinder 2 from 
the mean air-fuel ratio feedback control correction value 
for the Injectors 1 8 for all of the cylinders 2 is calculated. 
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At step S206, the deviation of air-fuel ratio feedback 
control correction value is increased by four times in 
consideration for the intake stroke split injection per- 
formed for only one out of the four cylinders 2 and the 
increased deviation of air-fuel ratio feedback control cor- 
rection value is stored as a learning correction value for 
the injector 18 for the N-th cylinder 2. Subsequently, af- 
ter changing the count N of the cylinder number counter 
by an increment of 1 (one) at step S207, a judgement is 
made at step S208 as to whether the count N Indicates 
a specified value Nx which is equal to the number of 
cylinders Nx, Le. four in this embodiment. The flow chart 
logic repeats these steps S203 through S208 until the 
count N indicates the specified value Nx. When the 
count N reaches the specified value Nx, the flow chart 
logic orders return tor another execution of the se- 
quence routine. 

[0039] On the other hand, when the answer to the 
judgement made at step S201 . a judgement is made at 
step S301 as to whether the engine is idling. When the 
engine is idling, a judgement is made at step S302 as 
to whether learning of fuel injection quantity character- 
istic for intake stroke non-split injection has been made 
in the last execution of the sequence routine. When the 
answer to the judgement is affirmative, then learning 
correction value Is determined through steps S7 through 
S9. At step S7, intake stroke split injection is performed 
with a split ratio of 1 : 1. Subsequently, a specified 
number of the air-fuel ratb feedback control correctbn 
values are sampled at step 88 and a mean value of the 
sampled air-tuel ratio feedback control correction values 
is calculated as a coefficient and stored as a learning 
correction value for a fuel injection quantity zone in 
which the respective intake stroke split injection are per- 
formed at step S9. The flow chart logic orders return for 
another execution of the sequence routine. On the other 
hand, when the answer to at least either one of the 
judgements made at steps S301 and S302 is negative, 
intake stroke non-split injection is performed an injection 
pulse width into whk:h the quantity of fuel injection, 
which is determined based on a feedback control cor- 
rection value (Cfb) and a basic quantity of fuel injection 
at step S303. Subsequently, a specified number of the 
air-fuel ratio feedback control correction values are 
sampled at step S8, and a mean value of the sampled 
air-fuel ratio feedback control correction values is cal- 
culated and stored as a learning correction value for a 
fuel injection quantity zone in which the intake stroke 
non -split injection is performed at step S9. Thereafter, 
the flow chart logic orders return for another execution 
of the sequence routine. 

[0040] Figure 1 4 shows a variation of the engine con- 
trol unit (PCM) 60 shown in Figure 4. The engine control 
unit (PCM) 60 has functional means 91 and 92 in addi- 
tion to the functional means 80 through 85 of that shown 
in Figure 4. A basic ignition timing is detemnined in the 
functional means 91 and properly regulated according 
to an engine speed ne in the functional means 92. An 



ignition timing control signal k Is directed to the ignition 
coil 16. In this embodiment, after the engine has been 
wamied up, stratified charge combustion control is per- 
formed with a lean fuel mixture in a zone of lower engine 

5 loads. On the other hand, while the engine is in a half- 
warmed state, homogeneous charge combustion con- 
trol is performed with a stoichiometric fuel mixture to- 
gether with fuel injection feedback control based on out- 
put from an oxygen (O2) sensor 57 disposed in an ex- 

10 haust line 41 . Further, under specified engine operating 
conditions, intake stroke split Injection control and fuel 
Injection quantity characteristic learning control in the 
minute injection zone B are performed based on a feed- 
back correction value. During execution of the fuel In- 

15 jection quantity characteristic learning control in a zone 
of no-engine load and lower engine speeds such as an 
idling zone, the quantity of intake air and the basic quan- 
tity of fuel injection according to the quantity of intake 
air have been adjusted so that an injection pulse width 

20 for single intake stroke split injection is approximately 
equal to a minimum injection pulse width for single in- 
jection during lean stratified charge combustion. That is, 
when intake stroke split injection is performed in order 
to learn a fuel Injectbn quantity characteristic in the zone 

25 of no-engine load and lower engine speeds such as an 
idling zone, a control parameter of the idle speed control 
(ISC) valve 51 is controlled to maintain a specified quan- 
tity of intake air greater than a quantity of intake air dur- 
ing ordinary engine operation in the zone of no-engine 

30 load and lower engine speeds such as an idling zone 
and a split injection pulse width which is half an injectton 
pulse width for the quantity of fuel injection correspond- 
ing to the quantity of intake air, is made approximately 
equal to the minimum injection pulse width for fuel in- 

35 jection during lean stratified charge combustion. In order 
to maintain a lower engine speed by controlling an in- 
crease in engine speed resulting from adjustment of the 
quantity of intake air and the basic quantity of fuel injec- 
tion while intake stroke split injection is performed in or- 

40 der to ieam a fuel injection quantity characteristic in the 
zone of no-engine load and lower engine speeds such 
as an idling zone, the engine control unit (PCM) 60 has 
functional means, La the ignition timing regulating 
means 92, which retards a basic ignition timing deter- 

45 mined In the basic ignitiori timing determining means 91 
to control an increase in engine speed. The ignition tim- 
ing regulating means 92 is further adapted to determine 
an engine speed feedback correction value with which 
an idle speed is feedback controlled during performing 

50 Intake stroke split injection in order to learn a fuel injec- 
tion quantrty characteristic in the zone of no-engine load 
and lower engine speeds such as an idling zone. 
[0041] Further, in this embodiment, during execution 
of air-fuel ratio feedback control, after performing overall 

55 learning of fuel injection quantity characteristic in which 
a learning correction value is determined based on a 
mean value of controlled values for all of the cylinders 
2 and reflected on the quantity of fuel injection for each 
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cylinder 2, the learning of fuel injection quantity charac- 
teristic is performed by cylinder. For the learning of fuel 
injection quantity characteristic for a specific cylinder 2, 
an air-fuel ratio is detected based on output from an ox- 
ygen {O2) sensor disposed at or after an exhaust man- 
ifold at a specified timing corresponding to a time at 
which an exhaust gas from the specific cylinder 2 pass- 
es the oxygen (O2) sensor A fuel injection quantity for 
the specific cylinder 2 is feedback controlled according 
to the air-fuel ratio and a learning correction value for 
the specific cylinder 2 is determined based on the feed- 
back controlled value. As efficacious control, in this em- 
bodiment, a deviation of output from the oxygen (O2) 
sensor from output corresponding to a stoichiometric 
air-fuel ratio from the oxygen (O2) sensor. The learning 
of fuel injection quantity characteristic by cylinder is ex- 
ecuted in order of amplitude of the deviations for the re- 
spective cylinders 2. A learning correction value is de- 
termined by cylinder based on the quantity of furl fuel 
injection feedback controlled according to the output 
from the oxygen (O2) sensor in that order. The fuel in- 
jection quantity characteristic learning control is per- 
formed following a sequence routine illustrated by a flow 
chart shown in Figures 15 through 18, 
[0042] Referring to Figures 15 through 18. the flow 
chart logic commences and control proceeds directly to 
a function block at step S401 where signals are read in 
to monitor various control parameters including at least 
an air flow rate afs, an oxygen concentration of exhaust 
gas ox, an engine speed no, an accelerator pedal travel 
accel. a throttle position fvoand an engine cooling water 
temperature Tw, Then, a judgement is made at step 
S402 as to whether learning of fuel Injection quantity 
characteristic can be executed. In this instance, execu- 
tion of the learning of fuel injection quantity characteris- 
tic is permitted on condition that the engine is being 
warmed and operates with a stoichiometric air-fuel ratio 
in a zone of lower engine loads, such as an idling zone. 
In an ordinary operating state and the air-fuel ratio feed- 
back control is under execution. When the learning of 
fuel injection quantity characteristic can be executed, a 
judgements is made at step S403 as to whether overall 
learning of fuel injection quantity characteristic has been 
completed. Subsequently, a judgements is made as to 
whether the overall learning of fuel injection quantity 
characteristic can be executed at step S410 before com- 
pletion of the overall learning of fuel injection quantity 
characteristic or whether the learning of fuel injection 
quantity characteristic by cylinder can be executed at 
step S430 after completion of the overall learning of fuel 
injection quantity characteristic. If the answer to any one 
of the judgements made at step S402, S410 and S430 
Is negative, the flow chart logic orders return for another 
execution of the sequence routine. 
[0043] When the overall teaming of fuel injection 
quantity characteristic can be executed, after determin- 
ing a fuel injection feedback correction value according 
to output from the oxygen (O2) sensor 57 at step S41 1 , 



a judgement is made at stem S41 2 as to whether learn- 
ing of fuel injection quantity characteristic in the minute 
injection zone B has not yet been completed. Before 
completion of the learning of fuel injection quantity char- 

5 acteristic in the minute injection zone B, a split injection 
pulse width is determined at step S41 3. Specifically, an 
injectbn pulse width is determined correspondingly to a 
quantity of fuel injection which Is determined based on 
the feedback correction value and a basic quantity of 

10 fuel Injection determined based on a quantity of intake 
air and an engine speed and divided into two parts with 
a split ratio of. for example. 1 : 1 . In this instance, as was 
described, in the zone of lower engine loads, such as 
an idling zone, in which an injection pulse width corre- 

IS sponding to a half of the quantity of fuel injection is 
smaller than a minimum injection pulse width during 
lean stratified charge combustion, the quantity of intake 
air and the quantity of fuel injection are adjusted to be 
greater than usual so as to make the split injection pulse 

20 width equal to or greater than the minimum injection 
pulse width during lean stratified charge combustion. 
Subsequently, at step 8414, In order to control an in- 
crease in engine speed, whbh is caused following in- 
creases in both intake air quantity and fuel injection 

25 quantity, by retarding an ignition timing, a retarding val- 
ue for Ignition timing is determined according to these 
increases. 

[0044] At step S415, a judgement is made as to 
whether the engine Is idling. When the engine is idling. 

30 at step 8416, an idle speed feedback correction value 
is determir^ed so as to perform the engine speed feed- 
back control by means of ignition timing control in a state 
that the quantity of intake are is adjusted as described 
above and fixed. After determination of the idle speed 

3S feedback correction value at step 8416 or when it is 
judged that the engine is not idling at step 8415. while 
an intake stroke split injection is performed with the split 
injection pulse widths determined at step 8413, the fuel 
injection feedback control based on the fuel injection 

40 feedback correction value and the ignition timing control 
based on the basic ignition timing, the ignition timing re- 
tarding value and the Idle speed feedback correction 
value are executed at step 8417. Thereafter, a judge- 
ment is made at step 8418 as to whether the cylinder 

4S number counter shows a count N greater than the spec- 
ified value Nx. When the count N is less than the spec- 
ified value Nx, after integrating the quantities of fuel in- 
jection and the feedback correction values, respectively, 
ate step 841 g and changing the counter N by an incre- 

so ment of 1 (one) at step 8420. the flow chart logic orders 
return for another execution of the sequence routine. On 
the other hand, when the count N is greater than the 
specified value Nx, after calculating mean values by di- 
viding the integrated fuel injection quantity and the inte- 

55 grated feedback correction value by the count N. re- 
spectively, at step 8421. a judgement is made at step 
S422 as to whether the mean feedback correction value 
is within a permissible extent. If the mean feedback cor- 
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rectton value is too large to fall within the permissible 
extent, which is caused due for example to an error of 
detection of an air-fuel ratio by the oxygen (O2) sensor 
57 and heavy shouldering of the injector 18, conditions 
are assumed to be improper for the learning of fuel in- 
jection quantity characteristic. Therefore, when the 
mean feedback correction value is out of the permissible 
extent at step S422, after resetting the integrated fuel 
injection quantity, the Integrated feedback correction 
value and the count N to their initial values, respectively, 
at step S423, the flow chart logic orders return for an- 
other execution of the sequence routine. When the 
mean feedback correction value is small sufficiently to 
fall within the permissible extent at step S422, after stor- 
ing the mean integrated fuel injection quantity and the 
mean integrated feedback correction value as learning 
values in a fuel injection rate table so as to be reflected 
in the subsequent control at step S424, a judgement Is 
made at step S425 as to whether the learning of fuel 
injection quantity characteristic has been completed for 
a specified number of points in each of the normal and 
minute injection zones A and B. When the answer is 
negative, then, the flow chart logic orders return for an- 
other execution of the sequence routine. 
[0045] When the answer to the judgement made at 
step S212 is affirmative, this Indicates that the learning 
of fuel injection quantity characteristic in the minute in- 
jection zone B has been completed, then, an injection 
pulse width is determined at step S426. In this instance, 
in order to perform the learning of fuel Injection quantity 
characteristic in the normal injection zone A, a quantity 
of fuel Injection for intake stroke non-split Injection is de- 
termined. Specifically, an injection pulse width is deter- 
mined correspondingly to a quantity of fuel injection 
which is determined based on the feedback correction 
value and a basic quantity of fuel injection determined 
based on a quantity of intake air and an engine speed. 
Thereafter, the flow chart logic proceeds to steps S415 
through S425. As k5ng as the mean feedback correction 
value is within the permissible extent, the mean integrat- 
ed fuel injection quantity and the mean integrated feed- 
back correction value are stored as learning values in 
the fuel injection rate table so as to be reflected in the 
subsequent control. As the result of repeating the above 
steps, when the answer to the judgement made at step 
S425 becomes affirmative, this indicates that the learn- 
ing of fuel injection quantity characteristic has been 
completed for all points in the normal and minute injec- 
tion zones A and B, then, the overall learning of fuel in- 
jection quantity characteristic is completed at step S427 
and the flow chart logic orders return for another execu- 
tion of the sequence routine. 

[0046] When the answer to the judgement made at 
step S430 is affirmative, this indicates that the learning 
of fuel injection quantity characteristic by cylinder can 
be executed, then, a judgement is made at step S431 
as to whether an order of cylinders 2 has been estab- 
lished, in other words, whether order flag assignment 



has been made. When the order of cylinders 2 has not 
yet been established, le. when the order flag assign- 
ment has not yet been made or order flags have been 
down, a deviation of output (which takes a value be- 
5 tween OV and IV) provided at a specified timing by an 
oxygen (O2) sensor representative of an air-fuel ratio 
from output (which takes 0.55V as a standard value for 
reversal between rich and lean fuel mixtures) from an 
oxygen (O2) sensor representative of a stoichiometric 
10 air-fuel ratio is determined at step S432, and then, order 
flags F(1 ) to F(4) are assigned to the cylinders 2 in order 
of amplitude of the deviations for the respective cylin- 
ders 2 at step S433. Subsequently, after taking the order 
flag F(N) (where A/ is 1) as a learning execution flag F 
15 (N) indicating a specific cylinder 2 for which the learning 
of fuel injectbn quantity characteristic is performed at 
step S434, a judgement is made at step S435 as to 
whether the learning of fuel injection quantity character- 
istic in the minute injection zone B has not yet been com- 
20 pleted. Before completion of the learning of fuel injection 
quantity characteristic in the minute injection zone B, j. 
e. when the answer to the judgement made at step 8435 
is affirmative, the learning of fuel injection quantity char- 
acteristic by cylinder is performed through steps S436 
25 to S452. On the other hand, after completion of the 
learning of fuel Injection quantity characteristic in the 
minute injection zone B, Le. when the answer to the 
judgement made at step S435 is negative, the learning 
of fuel injection quantity characteristic by cylinder is per- 
30 formed through steps S439 to S452 after determining a 
non-split injection pulse width at step S453. These steps 
for the learning of fuel injection quantity characteristic 
by cylinder are repeated until it is judged at step S452 
that the learning of fuel injection quantity characteristic 
35 has been completed for a specified number of points in 
each of the normal and minute injection zones A and B. 
[0047] When the answer to the judgement made at 
step S435 is affirmative, this indicates that the learning 
of fuel injection quantity characteristic in the minute in- 
40 jection zone B has not yet been completed, then, a basic 
split injection pulse width Is determined at step S436. 
Specifically, a basic Injection pulse width determined 
based on a quantity of Intake air and an engine speed 
under the condition that the quantity of intake air is ad- 
45 justed so as to make the split injection pulse width equal 
to or greater than the minimum Injection pulse width dur- 
ing lean stratified charge combustion is divided into two 
basic split Injection pulse widths for Intake stroke split 
injection. An eventual spilt injection pulse width is deter- 
50 rnlned at step S437. In this Instance, the eventual split 
injection pulse width for a specific cylinder 2 for which 
the learning execution flag F{N) is up is determined 
based on the basic split injection pulse width, a feedback 
correction value determined based on output provided 
55 at a specified timing by the oxygen (O2) sensor for the 
specific cylinder 2 and the feedback correction learning 
value gained through the overall learning of fuel injection 
quantity characteristic. The eventual split injection pulse 
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w2ldth for each of the remaining cylinders 2 Is deter- 
mined based on the basic split injection pulse width and 
the feedback correction learning value gained through 
the overall teaming of fuel injection quantity character- 
istic. In the event where a feedback correction learning 
value for a cylinder 2 has been gained, the eventual split 
injection pulse width for the cylinder 2 is determined In 
consideration with the feedback correction learning val- 
ue by cylinder as well as the basic split injection pulse 
width and the feedback correction learning value gained 
through the overall learning of fuel injection quantity 
characteristk;. Subsequently, after determining a retard- 
ing value for ignition timing according to increases In in- 
take air quantity and fuel injection quantity at step S438. 
[0048] Thereafter, a judgement is made at step S439 
as to whether the engine is idling. When the engine is 
idling, at step S439, an idle speed feedback correction 
value is determined so as to perform the engine speed 
feedback control by means of ignitton timing control in 
a state that the quantity of intake are is adjusted as de- 
scribed above and fixed. After determination of the idle 
speed feedback correction value at step S440 or when 
It is judged that the engine is not idling at step S439, 
while an intake stroke split injection is performed with 
the eventual split injection pulse widths determined at 
step S437, the fuel injection feedback control based on 
the fuel injection feedback correction value and the ig- 
nition timing control based on the basic ignition timing, 
the ignition timing retarding value and the idle speed 
feedback correction value are executed at step S441 . 
Thereafter, a judgement is made at step S442 as to 
whether the cylinder number counter shows a count N 
greater than the specified value Nx. When the count N 
is less than the specified value Nx, after integrating the 
quantities of fuel injection and the feedback correction 
values, respectively, for the cylinder 2 for which the 
learning execution flag F(N) is up at step S443 and 
changing the counter N by an increment of 1 (one) at 
step S444. the flow chart togic orders retum for another 
execution of the sequence routine. On the other hand, 
when the count N is greater than the specified value Nx, 
after calculating mean values by dividing the integrated 
fuel injection quantity and the integrated feedback cor- 
rection value, for the cylinder 2 for which the learning 
execution flag F(N) is up, by the count N, respectively, 
at step S445, a judgement is made at step S446 as to 
whether the mean feedback correction value is within 
the permissible extent. When the mean feedback cor- 
rection value is out of the permissible extent at step 
S446, after resetting the integrated fuel injection quan- 
tity, the integrated feedback correction value and the 
count N to their initial values, respectively, at step S447. 
the flow chart logic orders return for another execution 
of the sequence routine. When the mean feedback cor- 
rection value is small sufficiently to fail within the per- 
missible extent at step S446. after storing the mean In- 
tegrated fuel injection quantity and the mean integrated 
feedback correction value as learning values in a fuel 



injection rate table so as to be reflected in the subse- 
quent control at step S448, the order flag F(N+1 ) Is tak- 
en as a learning execution flag F(N) at step S449. When 
the number of order A/ is greater than the specified value 

5 Nx at step S450. this indicates that the learning of fuel 
injection quantity characteristic has been completed for 
all of the cylinders 2, then, the flow chart bgic orders 
return for another executbn of the sequence routine. On 
the other hand, when the number of order /Vis less than 

10 the specified value Nx at step S450, after resetting down 
all of the order flags F{N) at step S451 , a judgement is 
nnade at step S452 as to whether the learning of fuel 
injection quantity characteristic by cylinder has been 
completed for a specified number of points in each of 

15 the normal and minute injection zones A and B. When 
the answer is negative, or after completing the learning 
of fuel injection quantity characteristic by cylinder at step 
S454 when the answer has become affirmative, the flow 
chart logic orders return for another execution of the se- 

20 quence routine. 

[0049] According to the fuel injection quantity learning 
control illustrated by the flow chart shown in Figures 15 
through 18. the learning correction value near a mini- 
mum injection pulse width during engine operation with 

25 lean stratified charge combustion (an Injection pulse 
width during idling) is accurately determined. Specifical- 
ly, when the learning correction value for the minute in- 
jection characteristic zone B is determined by perform- 
ing intake stroke split injection during execution of the 

30 tuel injection feedback control based on output from the 
oxygen (O2) sensor to try to maintain a stoichiometric 
air-fuel ratio, since, while the quantity of fuel injection 
increases due to thermal efficiency during an ordinary 
idling state inferior to during engine operation with lean 

3S stratified charge combustion, nevertheless, it is not dou- 
bled, a split injection pulse width becomes smaller that 
the minimum injection pulse width during engine oper- 
ation with lean stratified charge combustion when divid- 
ing an injection pulse width corresponding to the quan- 
go tity of fuel injection into two parts. Therefore, in this em- 
bodiment, in the event where intake stroke split injection 
is performed during execution of the fuel injection feed- 
back control based on output from the oxygen (O2) sen- 
sor, the quantity of intake air and the basic quantity ot 

45 fuel injection according to the quantity of intake air are 
set to be greater than those during idling so that a split 
injection pulse width is made as large as a minimum in- 
jection pulse width during engine operation with lean 
stratified charge combustion. Accordingly, a learning 

50 correction value near the minimum injection pulse width 
during engine operation with lean stratified charge com- 
bustion (an injection pulse width during idling) Is accu- 
rately determined. However, if the quantity of intake air 
and the basic quantity of fuel injection according to the 

55 quantity of intake air are simply set to be greater than 
those during ordinary idling, there occurs such inexpe- 
diency that an excessive rise in idle speed gives the driv- 
er an unpleasant feeling or that the vehicle unnecessar- 
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ity creeps during idling in the drive range when the ve- 
hicle is equipped with an autonnatic transmission. For 
this reason, in this embodiment, a rise in engine speed 
due to an increase In the quantities of intake air and fuel 
injection is controlled by properly retarding an ignition 
timing in such a state, so as to eliminate the inexpedi- 
ency. 

[0050] Execution of the learning of fuel injection quan- 
tity characteristic by cylinder through steps S431 to 
S451 in addition to the overall learning of fuel injection 
quantity characteristic through steps S411 to S427 in- 
creases the accuracy of learning and. even in the minute 
fuel quantity injection zone, the fuel injection quantity 
feedback control and fuel injection quantity learning by 
cylinder based on output from the oxygen (O2) sensor 
are performed effectively. Specifically, when performing 
the learning of fuel injection quantity characteristic by 
cylinder, a detection of air-fuel ratio is made by cylinder 
by picking up output of the oxygen (O2) sensor repre- 
senting an air-fuel ratio at a specified timing which cor- 
responds to a point of time at which an exhaust gas from 
a specific cylinder 2 passes the oxygen (O2) sensor. Al- 
though the exhaust gas Is hard to cause sufficient pul- 
sations while the quantity of exhaust gas is small and, 
in consequence, there is a tear of an occurrence of error 
of air-tuel ratio due to stagnation of an exhaust gas from 
the preceding cylinder 2 around the oxygen (O2) sensor 
when detecting an air-fuel ratio for the specific cylinder 
2. because, in this embodiment, the quantity of intake 
air and the basic quantity of fuel injection are set to be 
greater than those during ordinary idling when split in- 
jection Is performed in a zone of idling conditions, the 
quantity of exhaust gas is increased to make the output 
from the oxygen (O2) sensor show a distinctive change 
which indicates a sharp change in air-fuel ratio, increas- 
ing the accuracy of air-fuel ratio control by cylinder. Fur- 
ther, in this embodiment, the determination of a learning 
value through the learning 0I fuel injection quantity char- 
acteristic by cylinder is performed first for a cylinder 2 
discharging an exhaust gas for which the oxygen (O2) 
sensor provides output most far different from that rep- 
resentative of a stoichiometric air-tuel ratio and, after re- 
flecting the learning value on the fuel injection control 
for the cylinder 2, the determination of a learning value 
through the learning of fuel injection quantity character- 
istic by cylinder is performed for another cylinder 2 dis- 
charging an exhaust gas for which the oxygen (Og) sen- 
sor provides output secondly tar different from that rep- 
resentative of the stoichiometric air-fuel ratio. Accord- 
ingly, although output from the oxygen (Og) sensor is 
adversely effected by an exhaust gas discharged from 
a previous cylinder 2 and staying around the oxygen 
(Og) sensor, the degree of adverse effect Is significantly 
lowered with an effect ot Increasing the accuracy of air- 
tuel ratio detection by cylinder, and hence the accuracy 
of fuel injection feedback control by cylinder. As a result, 
the accuracy ot air-fuel ratio control by cylinder is signif- 
icantly improved in the event where the intake stroke 



split injection is made for executing the learning of fuel 
injection quantity characteristic by cylinder for injection 
pulse widths close to a minimum pulse width in the 
minute injection zone B shown in Figure 1 2 in which high 

5 learning accuracy is required. Since the learning correc- 
tion value by cylinder is determined in this manner, even 
though there are differences in fuel injection quantity 
characteristic among the injectors 18 for the respective 
cylinders 2, a learning correction value for an injectors 

10 18 is accurately determined according to the fuel Injec- 
tion quantity characteristic in the minute injection zone 
B of the injector 18. Further, since the learning of fuel 
injection quantity characteristic by cylinder through 
steps S431 to S451 is executed under reflection of a 

15 mean learning correction value resulting from the overall 
learning of fuel injection quantity characteristic through 
steps S411 to S427, the learning accuracy is increased. 
[0051] In this embodiment, the overall learning of fuel 
injection quantity characteristic may be repeatedly exe- 

20 cuted after execution ot the learning ot fuel injection 
quantity characteristic by cylinder. In this instance, since 
the learning correction value is modified even if there 
occurs a deviation of a mean learning correction value 
resulting from the learning of fuel injection quantity char- 

25 acteristic by cylinder, the learning accuracy is even more 
increased. 

[0052] The quantity of fuel injection may be divided 
into more than three parts by split injection in an intake 
stroke. The X oxygen (O2) sensor may be replaced with 

30 a linear oxygen (O2) sensor which provides output var- 
ying corresponding linearly to a change in air-fuel ratio, 
which makes it possible to perform air-fuel feedback 
control for trying to maintain a specified air-fuel ratio oth- 
er than a stoichiometric air-fuel ratio. In this instance, 

35 because the linear oxygen (O^) sensor decreases the 
accuracy of detecting an air-fuel ratio with an increase 
in deviation from the stoichiometric air-fuel ratio, it is pre- 
ferred to perform the learning of fuel injection quantity 
characteristic during execution of the air-fuel feedback 

40 control aiming at the stoichiometrk: air-fuel ratio or an 
air-fuel ratio approximately equal to the stoichiometric 
air-fuel ratio. 

[0053] It is to be understood that although the present 
Invention has been described with regard to preferred 
45 embodiments thereof, various other embodiments and 
variants may occur to those skilled in the art, whrch are 
within the scope and spirit of the invention, and such 
other embodiments and variants are intended to be cov- 
ered by the following claims. 

50 

Claims 

1 . A fuel injection control system for a direct injection- 
55 spark ignition type of engine equipped with an in- 
jector (18) operative to spray fuel directly into a 
combustion chamber (5) of the engine which deter- 
mines an injection pulse width corresponding to a 
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given quantity of fuel with which the injector (18) is 
kept open to spray said quantity of fuel, controls the 
injector (18) to spray fuel through a compression 
stroke while the engine operates with lower engine 
loads in an engine operating zone specified for lean 5 
stratified charge combustion so that the fuel is strat- 
ified around an ignition plug (1 5) to cause lean strat- 
ified charge combustion so as thereby to provide an 
air-fuel ratio greater than a stoichiometric air-fuel ra- 
tio and executes fuel injection feedback control to io 
control the quantity of fuel injection based on an air- 
fuel ratio detected by an oxygen sensor (57), caus- 
ing the injector (18) to spray fuel through a plurality 
of intake stroke split injection in a specified engine 
operating zone in which said fuel injection feedback '5 
control is performed to maintain at least an approx- 
imately stoichiometric air-fuel ratio while the engine 
operates with lower loads, characterised by: 

learning a fuel injection quantity characteristic 
of the injector (18) with respect to injection pulse 20 
width for each said intake stroke split injection 
based on a value controlled by the fuel injection 
feedback control during execution of the intake 
stroke split injection to determine a leaning correc- 
tion value and making said learning correction value 25 
reflect on said control of the quantity of fuel in a 
minute injection quantity zone specified within said 
specified engine operating zone for said lean strat- 
ified charge combustion. 

30 

2. A fuel injection control system as claimed in claim 
1 , wherein said fuel injection control system con- 
trols the engine to operate in said lean stratified 
charge combustion mode while the engine is a 
warmed state in which the engine has attained a 35 
first threshold engine temperature, controls the in- 
jector (18) to spray fuel so as to maintain said stoi- 
chiometric air-fuel ratio while the engine is in a half- 
warmed state in which the engine has attained a 
second threshold engine temperature lower than 40 
said first threshold engine temperature, and exe- 
cutes said fuel injection feedback control, said in- 
take stroke split injection and said learning of a fuel 
injectton quantity characteristic of said injector in 
said half-wanned stale. 

3. A fuel injection control system as claimed in claim 
1 or 2. wherein said fuel injection control system di- 
vides said quantity of fuel injection into two equal 
parts with a split ratio of 1 : 1 for early and later in- so 
take stroke split injection. 

4. A fuel injection control system as claimed in any one 
of the preceding claims 1 to 3. wherein said fuel in- 
jection control system drives said injector (18) to ss 
perform each said intake stroke split injection at 
such a timing that a middle point of time between 
said early and later intake stroke split injection is 



ahead a middle point of an intake stroke. 

5. A fuel injection control system as claimed in any one 
of the preceding claims 1 to 4. wherein, when exe- 
cuting said fuel injection feedback control based on 
said air-fuel ratio detected by said oxygen sensor, 
said intake stroke split injection and said learning of 
a fuel injection quantity characteristic of said injec- 
tor in an engine operating zone of lower engine 
loads and speeds, said fuel injection control system 
performs each said intake stroke split injection with 
said injection pulse width approximately equal to a 
minimum injection pulse width for said compression 
stroke injection during engine operation in said lean 
stratified charge combustion mode and controls 
said quantity of fuel injection to restrain an increase 
in engine speed so as to make an engine speed re- 
main low in said engine operating zone of lower en- 
gine loads and speeds. 

6. A fuel injection control system as claimed in claim 
5, wherein, while executing said fuel injection feed- 
back control based on said air-fuel ratio detected by 
said oxygen sensor, said intake stroke split Injection 
and said learning of a fuel injection quantity char- 
acteristic of said injector (18) in said engine operat- 
ing zone of lower engine loads and speeds, said fuel 
injection control system controls a quantity of intake 
air introduced into the engine so as to performs 
each said intake stroke split injection with said in- 
jection pulse width approximately equal to a mini- 
mum injection pulse width for said compression 
stroke injection during engine operation in said lean 
stratified charge combustbn mode and controls 
said quantity of. fuel injection to restrain an increase 
in engine speed so as to make an engine speed re- 
main low in said engine operating zone of lower en- 
gine loads and speeds. 

7. A fuel injection control system as claimed in claim 
5 or 6, wherein said fuel injection control system re- 
tards an ignition timing to restrain said increase in 
engine speed. 

8. A fuel injection control system as claimed in any one 
of the preceding claims 1 to 7, and further compris- 
ing idle speed control means (50, 51 ) for controlling 
a quantity of intake air introduced into the engine to 
control an engine speed during idling by feedback 
control and intake air control means (85, 86) for re- 
straining a change in said quantity of intake air 
caused due to said feedback control of said engine 
speed during idling while executing sakJ intake 
stroke split injection and said learning of a fuel in- 
jection quantity characteristic of said injector during 
Idling. 

9. A fuel injection control system as claimed in claim 
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8, wherein said intake air control means (85. 86, 91 , 
92) controls an ignition timing while permitting a 
quantity of intake air necessary for the engine op- 
eration with a maximum external loads so as there- 
by to control said engine speed during Idling. 

10. A fuel injectbn control system as claimed in claim 
8 or 9, wherein said intake air control means (85, 
86, 91 , 92) extends a dead zone tor said feedback 
control of said engine speed during idling in which 
a change in engine speed Is allowed while execut- 
ing said Intake stroke split injection and sakJ learn- 
Ing of a fuel injection quantity characteristic of said 
injector 

11 . A fuel injection control system as claimed in any one 
of the preceding claims 1 to 10, wherein said engine 
Is of a type having a multiple cylinders (2a - 2d) and 
said fuel injection control system performs both said 
intake stroke split injection and said learning of a 
fuel Injection quantity characteristic of said injector 
by cylinder in sequence while executing said fuel 
injection feedback control. 

1 2. A fuel injection control system as claimed in any one 
of the preceding claims 1 to 1 0, wherein said engine 
is of a type having a multiple cylinders (2a - 2d) 
equipped with an exhaust manifold in which or 
downstream from which said oxygen sensor (57) is 
disposed, and said fuel injection control system ex- 
ecutes said fuel injection feedback control for a spe- 
cific one of said cylinders (2a - 2d) based on said 
air-fuel ratio detected by said oxygen sensor (57) at 
a specified timing which corresponds to a point of 
time at which an exhaust gas from said specific cyl- 
inder (2a, 2b, 2c, 2d) passes said oxygen sensor 
(57) and determines said learning correction value 
for said specific cylinder (2a, 2b, 2c, 2d) based on 
a controlled value by said fuel Injection feedback 
control. 

13. A fuel injection control system as claimed in claim 
12, wherein said fuel injection control system per- 
forms overall learning of fuel injection quantity char- 
acteristic in which an average value of controlled 
valued values by said fuel injection feedback control 
for all of said cylinders (2a - 2d) is determined as 
an overall learning correction value, and subse- 
quently determines said learning correction value 
for a specific one of said cylinders (2a - 2d) based 
on a controlled value by said fuel injection feedback 
control for said specific cylinder (2a, 2b, 2c, 2d) after 
reflecting said overall learning correction value on 
said quantity of fuel injection for said specific cylin- 
der (2a, 2b. 2c, 2d). 

14. A fuel injection control system as claimed in claim 
12 oris, wherein said fuel injection control system 



determines said learning correction values based 
on said controlled values by said fuel injection feed- 
back control for all of said cylinders {2a - 2d), re- 
spectively, in order of amplitude of deviations of out- 
s put from said oxygen sensor for said cylinders (2a 
- 2d) from output from said oxygen sensor corre- 
sponding to said stoichiometric air-fuel ratio. 

1 5. A fuel injection control system as claimed in any one 
10 of the preceding claims 1 to 14, wherein said fuel 
injection control system executes said learning of 
said fuel injection quantity characteristic of the in- 
jector for intake stroke non-split injection and said 
Intake stroke split injection in a same Injection quan- 
15 tity zone. 
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